Objectives-To determine whether a prior uterine evacuation procedure is associated with an increased risk of short cervical length (20 mm) in women without prior spontaneous preterm birth.
P
reterm birth is one of the leading causes of neonatal morbidity and mortality. In the United States in 2014, 9.5% of all births were preterm. 1 Unfortunately, our ability to predict spontaneous preterm birth is limited. Historical risk factors such as prior termination of pregnancy and prior preterm birth have been associated with a risk of preterm birth.
2 Ultrasound (US) diagnostics have recently improved our ability to predict preterm birth, with the finding that a short second-trimester transvaginal US cervical length (20 mm) is associated with an increased risk of spontaneous preterm birth 3 ; furthermore, an available low-risk intervention, vaginal progesterone, has been shown to reduce that risk. 4 As such, recent data have suggested the utility of universal transvaginal cervical length screening in the second trimester for spontaneous preterm birth prevention, although the incidence of short cervical length in low-risk women is low (1%). [5] [6] [7] Our understanding of the clinical pathophysiologic mechanisms, causes, and risk factors for short cervical length is limited. A history of prior induced abortion has been associated with subsequent spontaneous preterm birth. [8] [9] [10] A recent meta-analysis found that prior uterine evacuation for either an induced or a spontaneous abortion was an independent risk factor for preterm birth, with a slightly increased risk of preterm birth of 5.7% versus 5.0% for those without a prior uterine evacuation. 11 One previous analysis found that prior uterine evacuation was not associated with a short cervical length (25 mm) but was associated with an increased risk of spontaneous preterm birth in women with a short cervical length. 12 Another prior small retrospective study did not find a significantly increased incidence of uterine evacuation among women with preterm delivery with or without a short cervix. 13 The etiology behind a uterine evacuation procedure and the risk of subsequent preterm birth is not well understood but may relate to short cervical length. The purpose of this study was to determine whether a history of prior uterine evacuation is associated with an increased risk of short cervical length in the second trimester (20 mm) among women without a prior spontaneous preterm birth.
Materials and Methods
This work was a retrospective cohort study of singleton gestations who delivered at our institution without a history of prior spontaneous preterm birth and who underwent routine anatomic US examinations between 18 weeks and 23 weeks 6 days, including universal transvaginal cervical length screening for spontaneous preterm birth prevention from January 2012 to December 2014. Women were excluded if they underwent a termination of the current pregnancy or had an intrauterine fetal demise. Additionally, women who had a prior miscarriage or abortion but without documented management (ie, medical versus surgical) were excluded. Women were considered to have a prior uterine evacuation procedure if, on review of their chart, it was documented that they had at least 1 dilation and curettage, dilation and evacuation, or surgical treatment of a spontaneous miscarriage (>20 weeks' gestation) or an induced abortion (at any gestational age). Cervical length measurements were obtained by trained staff sonographers who were Cervical Length Education and Review certified (https://clear.perinatalquality.org) and were reviewed by attending maternal-fetal medicine specialists. This study was approved by the Thomas Jefferson University Institutional Review Board (No. 12D.291).
Demographics, obstetric and medical histories, as well as current pregnancy characteristics and delivery outcomes were collected. Short cervical length was defined as 20 mm or less, as that is the current cutoff for which vaginal progesterone is recommended in women without a prior spontaneous preterm birth.
14 Demographic characteristics and other potential confounders, such as obstetric history and prior cervical surgery, were assessed by the Student t test and Pearson or Fisher exact v 2 analysis as appropriate. Women with a short cervical length were offered vaginal progesterone, as is standard practice at our institution.
The primary outcome was the incidence of short cervical length in women with and without at least 1 prior uterine evacuation, which was compared by a v 2 analysis and odds ratios, adjusted for potential confounders. A receiver operating characteristic curve was created to determine whether there was a cutoff for the number of prior uterine evacuation procedures and risk of short cervical length. Study data were collected and managed with REDCap electronic data capture tools hosted at Thomas Jefferson University. 15 The statistical analysis was performed with SPSS version 23 software (IBM Corporation, Armonk, NY). P < .05 was considered significant. Secondary outcomes included the incidence of a short cervix by the number of prior procedures and rate of spontaneous preterm birth among women with a short cervix with and without a prior uterine evacuation. A subgroup analysis was performed on only nulliparous patients for the primary outcome only.
Results
During the study period, 3190 women underwent cervical length screening and delivered at our institution. There were 21 fetal demises, 8 elective pregnancy terminations after their US examinations, and 489 women with a prior abortion or miscarriage for which the management was not specified (ie, surgical versus medical), and these women were excluded from the analyses. Thus, 2672 women were included in this study. Of the women included, 714 (27%) had at least 1 prior uterine evacuation. Of the women included, there were a total of 27 (1%) women with a short cervical length (20 mm; Figure 1 ). Of women who had at least 1 prior uterine evacuation, the range of the number of prior procedures was 1 to 13 (median, 1.0; interquartile range, 1.0-2.0).
Women with at least 1 prior uterine evacuation were more likely to be African American, to smoke, to have a higher body mass index (BMI), and to have had a prior full term delivery (Table 1) . Women with prior uterine evacuation had a significantly higher incidence of short cervical length. After adjusting for maternal race, smoking status, prior full-term delivery, and BMI, a history of at least 1 prior uterine evacuation was still associated with an increased risk of short cervical length ( Table 2) .
The receiver operating characteristic curve showed that a history of at least 1 prior uterine evacuation was associated with the risk of a short cervical length (area under the curve, 0.627; P 5 .02). The sensitivity of at least 1 prior uterine evacuation for detection of short cervical length was 52%, and the specificity was 73%.
With an increasing number of prior uterine evacuations, the sensitivity decreased, but the specificity increased (for 2 prior uterine evacuations: sensitivity, 26%; specificity, 90%; for 3 prior uterine evacuations: sensitivity, only 8%; specificity, 97%).
In analyzing women by the number of prior procedures compared to no prior uterine evacuation, women with only 1 prior procedure (n 5 453, 7 with a short cervix) did not have a significantly increased risk of a short cervix; women with 2 prior procedures (n 5 176, 5 with a short cervix) had a significantly increased risk of a short cervix; and with women at least 3 prior procedures (n 5 85, 2 with a short cervix) did not have a significantly increased risk of a short cervix ( Table 2) . Women with at least 2 prior uterine evacuations (n 5 261, 7 with a short cervix) had an increased risk of a short cervix compared to those with none.
There were 1394 nulliparous patients, and 272 (20%) had at least 1 prior uterine evacuation. Compared to women without a prior uterine evacuation, women with prior uterine evacuation were more likely to be African American and more likely to smoke (Table 3) . In this subgroup, the overall incidence of short cervical length was 1.1%; the incidence of short cervical length was significantly higher among women with at least 1 prior uterine evacuation than without. After adjustment for race and smoking, women with at least 1 prior uterine evacuation remained at an increased risk of a short cervical length compared to those without (Table 4) .
Among the 27 women with a short cervical length, the overall rate of spontaneous preterm birth was 70% (n 5 19). Nineteen (70%) received vaginal progesterone, and there was no difference in vaginal progesterone use among those with and without a prior uterine evacuation (64% versus 76%; P 5 .68). Two women (7%) received a physical examination-indicated cerclage; 1 (4%) was dilated and received a recommendation for an examination-indicated cerclage but declined and opted for a pessary; 3 (11%) were too far dilated for a cerclage and delivered within 48 hours; and 2 (7%) were prescribed vaginal progesterone but did not fill their prescriptions. The difference in the incidence of spontaneous preterm birth among women with short cervical length and a prior uterine evacuation compared to those without was not statistically significant (86% versus 54%; P 5 .07; odds ratio, 5.1 [95% confidence interval, 0.81-32.77]).
Discussion
We have found that a history of uterine evacuation was associated with more than a 2-fold increased risk of short cervical length, even after controlling for confounders, and this association was even stronger in the nulliparous population. This study adds to current literature on US prediction of spontaneous preterm birth by specifically demonstrating an association between prior uterine evacuation and the risk of short second-trimester cervical length. These findings provide a potential mechanism of action for the previously documented finding of an increased risk of preterm birth associated with a uterine evacuation procedure. 10 In examining the risk of a short cervix specifically by the number of prior procedures compared to no prior uterine evacuation, we did not find a significantly increased risk in women with just 1 prior uterine evacuation or with 3 or more prior evacuations but we did for women with 2 and with 2 or more prior uterine evacuations. Women with only 1 prior uterine evacuation may not have as high a risk as those with 2 or more; thus, this study was not powered to capture that risk. Additionally, there was only small number of women with 3 more prior evacuations, so again, this study was not powered to capture the increased risk of a short cervix in that small subgroup. Our results suggest that there may be a graded risk based on the number of procedures, but a larger study would need to be done to confirm those findings.
There were a number of strengths to this study. First, to our knowledge, this work was one of the few studies examining the relationship between prior uterine evacuation and short cervical length. Our findings suggest a potential mechanism of action for the finding in other studies that prior uterine evacuation is associated with an increased risk of spontaneous preterm birth. 11 Second, we were able to assess and control for many common confounders. Third, the increased risk of short cervical length among women with a prior uterine evacuation persisted even in a subgroup analysis of nulliparous patients. Fourth, this study was a large modern cohort of women undergoing universal transvaginal US cervical length screening.
There were a few limitations to this study. The study was retrospective and only shows an association, not causation. Although the cohort itself was large, the incidence of short cervical length was low; thus, whereas women with short cervical length and prior uterine evacuation had an increased incidence of spontaneous preterm birth, this finding was not statistically significant, likely because of sample size. This cohort was from a single urban academic center with a majority African American population, so the external validity may be limited. Additionally, it should be noted that the rate of preterm birth in this population is higher than was noted in randomized trials on a short cervix treated with vaginal progesterone. This difference could be due to the population (largely African American), the presence of comorbidities that were otherwise excluded in randomized trials, or the inclusion of patients with a cervical length of less than 10 mm who were also excluded from some trials but are at highest risk for early preterm delivery. 3, 16, 17 Data on the gestational age of the prior uterine evacuation procedure were often not specified; thus, we were unable to specifically assess the risk of the procedure by gestational age. 42 (4) 12 (4) .62
Data are presented as mean 6 SD where applicable. GA indicates gestational age. Finally, because it was not consistently reported, we did not delineate whether the previous uterine evacuation was done for a prior spontaneous miscarriage or an induced abortion, so we can only speak to the risk associated with the procedure and not the indication for the procedure. However, a recent large systematic review and meta-analysis found that a prior uterine evacuation for either induced or spontaneous abortions was an independent risk factor for preterm birth.
11
The etiology of preterm birth is multifactorial, and a short cervix is one pathway to spontaneous preterm birth.
2 A history of a uterine evacuation procedure has been associated with an increased risk of spontaneous preterm birth; however, the etiology is unclear. 11 Our study suggests that the relationship between prior uterine evacuation and subsequent preterm birth may specifically relate to an increased risk of short cervical length. The etiology of prior uterine evacuation and subsequent short cervical length is unclear; it may have to do with cervical trauma from the procedure or potentially from subclinical or clinical infection after the procedure. 11, 18, 19 We also sought to examine whether a prior uterine evacuation increased the risk of spontaneous preterm birth among women with short cervical length. We found a nonsignificant trend toward an increased incidence of spontaneous preterm birth among women with a prior uterine evacuation. Our results here are likely limited by the sample size and the fact that treatment with vaginal progesterone overall reduces the risk of preterm birth in women with short cervical length. 14, 16, 17, 20 A previous study examining risk factors for spontaneous preterm birth found that prior uterine evacuation was associated with an increased risk of spontaneous preterm birth in those with short cervical length. 12 Our results have implications for current clinical practice in cervical length screening. The incidence of short cervical length in women without a prior spontaneous preterm birth is low (1%), 6 and as such, there have been some studies done to evaluate whether more targeted screening would be helpful. One recent analysis examined additional risk factors for detection of short cervical length (25 mm); however, it did not include a history of abortion or uterine evacuation. 21 In this study, prior uterine evacuation predicted short cervical length with sensitivity of only about 50%; thus, half of women with short cervical length would be missed if cervical length screening were narrowed to only include women with a history of uterine evacuation. Although we have found that prior uterine evacuation significantly increases a woman's risk for short cervical length, we would not recommend narrowing cervical length screening to this population and still recommend screening of all singleton gestations without a prior spontaneous preterm birth at the 20-week anatomy US examination with a transvaginal US cervical length measurement. 5 However, in resource-limited settings where universal transvaginal US cervical length screening for all women is not possible, we have demonstrated here that a history of at least 1 prior dilation and evacuation is an important risk factor to warrant targeted screening.
This study showed a significantly increased risk of short second-trimester cervical length (20 mm) among women without a prior preterm birth who have had at least 1 prior uterine evacuation procedure compared to those who have not had a uterine evacuation. This increased risk may be largely driven by those with 2 or more prior procedures. Prior uterine evacuation has previously been associated with an overall increased risk of spontaneous preterm birth, but the etiology was unclear and the risk of a short cervix not examined. 11 Our results suggest that short cervical length may be the etiology by which the risk of spontaneous preterm birth is increased in women with prior uterine evacuation. Further studies may be done to delineate whether this increased risk is related to the indication for the procedure, gestational age at the procedure, or number of prior procedures.
